Although sequential stochastic dominance techniques have been used in the literature to make comparisons of income poverty which are robust to the assumptions made about the economies of scale within households, the techniques could be applied to a much wider set of issues. In this paper, we apply the techniques to energy deprivation in Guatemala. We compare fuel poverty among households with and without access to electricity, and we assess whether access to electricity for those who do not have access currently would eliminate the observed difference in fuel poverty between the two groups of households.
1.

Introduction
In developing countries, a substantial share of the population is not able to satisfy its basic energy needs. Part of the problem is due to the households' insufficient income to buy the amount of energy they need, and this will typically be captured by the traditional concept of income poverty. But another part of the problem is due to the technologies used by the poor for lighting, heating, and cooking. While electricity tends to be cheaper than other fuels when the higher efficiency of electricity as compared to the other fuels is taken into account, many among the poor do not have access to modern fuels such as electricity. Providing access to electricity could thus reduce the extent of fuel poverty substantially 2 .
In order to assess the impact on fuel poverty of providing better access to electricity, we must first be able to measure fuel poverty, and to compare the level of fuel poverty between those households with and without access (ideally, controlling for other variables determining fuel poverty such as income). This is not straightforward. When comparing deprivation or poverty between groups, an analyst is typically confronted with three difficulties. First, the analyst must identify the households who do not meet their basic needs. In the context of energy or fuel poverty, this can be handled by suggesting a minimum energy consumption threshold and considering as fuel poor those who do not reach the threshold. Yet since there may be a lack of consensus on the appropriate threshold, the analyst may want to test for the robustness of the comparisons to the choice of the threshold. Second, the analyst must aggregate the information on deprivation at the household level to obtain an overall deprivation measure for the population group. This can be done by using an index of deprivation or poverty, such as the headcount index, the poverty gap, or the squared poverty gap. However, there are many more indices of poverty which are being used in the literature, and a change from one poverty index to another may lead to different results. Finally, the analyst is confronted to a comparison problem: how to compare the energy consumption of households of different sizes? The usual way of tackling this third problem is to chose an equivalence scale to transform the household energy consumption into an equivalent energy consumption for a household of one person. The equivalence scale usually takes into account two factors.
First, a larger household will need more energy than a smaller one to achieve the same level of comfort.
Second, there may be large economies of scale in energy consumption within the household.
Unfortunately, here as well, the analyst may face a lack of consensus on the appropriate equivalence scale to use, and a change in equivalence scale may well lead to different results or fuel poverty comparisons.
To avoid the two first problems, the analyst may concentrate her attention on orderings rather than cardinal comparisons between groups by using stochastic dominance conditions that are available in the poverty literature (Atkinson (1987) , Foster and Shorrocks (1988,a,b and c) , Jenkins and Lambert (1997 , 1998a and b) and Zheng (1999 ). However, since those stochastic dominance condition will be applied to equivalent energy consumption, the appropriate choice for the equivalence scale will still be an issue. The approach in the literature to avoid this third problem is to rely on the sequential stochastic dominance techniques first proposed by Atkinson and Bourguignon (1984) for welfare measurement, and later adapted for poverty measurement by Atkinson (1992) . This approach enables the analyst to make comparisons that will be robust to a change of deprivation threshold (poverty line), deprivation index (poverty measure), or equivalence scale. Atkinson's results were extended by Jenkins and Lambert (1993) to allow comparisons of populations with different demographic structures. Chambaz and Maurin (1998) proposed a second degree sequential stochastic dominance condition which extends the ranking power of the method at the cost of more stringent measurement assumptions. Finally, Duclos and Makdissi (2000) generalized those results to any order of dominance, each order being associated with measurement assumptions. They also proposed to reverse the way to look at the problem. Instead of making a priori measurement assumptions and then checking if a robust comparison can be made, they search for critical sets of measurement assumptions that are coherent with a given poverty comparison.
In this paper, we use Duclos and Makdissi's method to analyze fuel poverty in Guatemala. As mentioned earlier, considering fuel poverty rather than the more traditional concept of income poverty introduces a whole set of interesting issues regarding the consumption of various fuels by households who may not all have access to the same energy sources, the relative efficiency of the various fuels used by households, and the extent to which households benefits from economies of scale. Section 2 presents our methodology for implementing sequential stochastic dominance tests and for measuring the level of energy consumption of households using different fuels. Section 3 provides our empirical results, where we compare fuel poverty among households with and without access to electricity, and we assess whether access to electricity for those who do not have access currently would suffice to eliminate the observed difference in fuel poverty between the two groups of households. A brief conclusion follows.
Methodology
Deprivation indices and equivalence scales
In order to use sequential stochastic dominance techniques for ordinal fuel poverty comparisons between households groups, we must make some minimal assumptions on the structure of energy needs and the deprivation function or poverty index. Let
represents the energy deprivation of households of k members with an energy consumption of x . We assume that this function is non negative for all households and zero for households with energy consumption higher than the deprivation threshold k z .
We also assume that the deprivation index is additive. This assumption simply means that the total deprivation for a given population is the sum of the deprivation for the households in that population.
In terms of the structure of energy needs, we assume that the energy deprivation thresholds (i.e., the fuel poverty lines) are such that the threshold for households of a given size cannot be higher than the thresholds for larger households. This is easy to accept if we believe that larger households need more energy to achieve the same level of energy comfort than smaller households. More precisely, when making a poverty comparison, we assume that for households of k individuals there exists a subset of
under which the fuel poverty comparison holds, with
, where
z are the maximum admissible energy deprivation thresholds for households of size k and one. For example, if there are no economies of scale, the maximum deprivation threshold for households with 3 members is three times the maximum threshold for households of size one, so that m 3 + = 3 = z 3 + /z 1 + . In the empirical work, we will work with 6 different household sizes = k 1, 2, 3, 4, 5 and 6 or more.
In the poverty literature, it is standard to work with classes of poverty indices. These classes are used to impose a structure on the deprivation function ( )
, and they are denoted by
where s represents the order of stochastic dominance, each of which has specific normative assumptions which are discussed below. Formally, the assumption we impose on the deprivation functions are:
For = s 1, this assumption implies that an increase in household energy consumption x reduces energy deprivation, whatever the household type to which this increased energy consumption accrues. It also says that, for a given level of energy consumption x, the potential for such deprivation reduction is greater for households with more members. For = s 2, the assumption says that the deprivation indices respect the Pigou-Dalton transfer principle which stipulates that a transfer of one unit of energy to a deprived household from a less deprived household decreases fuel poverty, and this effect is again stronger for households of a larger size. While in practice it is unlikely that actual energy consumption units will be transferred from some households to others as is the case for income through taxation and redistribution, it is easy to imagine policies such as changes in prices which will affect households with low and high levels of energy consumption differently in part because they do not use the same sources of energy. For = s 3, the indices are sensitive to favorable composite transfers and this sensitivity is again higher for larger households. Composite transfers are such that a favorable Pigou-Dalton transfer within the lower part of the distribution, accompanied by a reverse Pigou-Dalton transfer within the higher part reduces poverty if the variance of the distribution has not increased. This normative principle has been introduced by Kolm (1976) into the inequality measurement literature, and adapted by Kakwani (1980) to poverty measurement. A normative interpretation of ≥ s 3 can be given using Fishburn and Willig's (1984) generalized transfer principle, still recalling that for every order s , our assumptions imply that the reduction in poverty will be greater for larger households.
Sequential stochastic dominance
In order to present the logic of sequential stochastic dominance conditions, we must introduce the concept of C-Curves where C stands for cumulative. Let ( ) , for all integer = s 2, 3,…, Duclos and Makdissi (2000) show that deprivation will be lower for households with electricity than for those without for all deprivation indices belonging to the class s ∆ if and only if the following condition is respected: This condition is depicted in Figure 1 , where we consider only two different household sizes, 1 and 2. We must check first if the ( ) 
Energy consumption
In order to make comparisons of fuel poverty or energy deprivation, we first need to define energy consumption x. Following Foster et al. (2001), we take into account the quality or efficiency of various fuels in so doing. Using the 1998/99 Encuesta Nacional de Ingresos y Gastos Familiares for Guatemala, we convert monthly household expenditures for batteries, candles, electricity, fuelwood, kerosene and butane gas into units of efficient energy as follows. Denoting by P ij the price paid by household i per kilowatt-hour of energy obtained from fuel j with j=1, …, J, by E ij the household expenditures for that fuel, by EF j the efficiency factor reflecting the quality of one kilowatt-hour of fuel j, and by X ij the amount of energy provided by fuel j in standardized efficient kilowatt-hours, we compute the total amount of efficient energy consumed by household i, X i , as follows:
If we were not taking into account each fuel's efficiency factor, we would compute a gross level of energy consumption G i which would not adequately represent the energy comfort of households:
The efficiency factors EF j are expressed in relative terms, with the efficiency of each fuel compared to that of electricity. Because electricity is the most efficient fuel at the household level, all efficiency factors are below one. This implies that for each household, G i is larger than X i . In the empirical section, we will compare the results of fuel poverty comparisons made with both G i and E i in order to show the importance of taking efficiency factors into account. Additionally, we will simulate the impact of providing access to electricity to those households who do not currently have access. To do so, we will use a result from Foster et al. (2001) suggesting that access to electricity reduces the average price paid by households per efficient kilowatt-hour of energy by 27.7 percent. This estimate was obtained by regressing the logarithm of the price paid per efficient kilowatt-hour against a large number of independent variables including access to electricity. Assuming that after getting access to electricity, the households who do not currently have access keep their expenditures for energy constant, a reduction in the price per efficient kilowatt-hour of 27.7 percent translates into an increase in energy consumption of the same amount. Using the techniques of sequential stochastic dominance, we will compare the new simulated level of efficient energy consumption for the households previously without access to electricity to the actual level of consumption of the households with access today in order to test whether providing access alone would eliminate the differences in fuel poverty observed between the two groups.
3.
Empirical Results
Table 1 provides a few summary statistics for the households with and without access to electricity. On average, households with access to electricity have a higher level of efficient energy consumption than households without access. But households without access tend to have a larger level of gross energy consumption than households with access, which underscores the lower quality of the fuels they use, in large part due to their lack of access to electricity. Figures 1 and 2 provide the density functions for, respectively, the gross and efficient energy consumption of the two groups of households.
In Table 2 , we use sequential stochastic dominance to compare fuel poverty among households with and without access to electricity using gross energy consumption as our measure of energy consumption. Despite the fact that on Figure 1 , households without access seem to have higher levels of gross energy consumption than households with access, we find restricted dominance of households with access over households without access, although for very low thresholds (this corresponds roughly in Table   2 by the number of households in the corresponding groups. If we consider all additive poverty measures for s=1 and all equivalence scales in [0,k], we must restrict the deprivation threshold for a single person to lie between 0 and 419 (= 2518/6) gross kwh per year, since the binding σ k s is for households of 6 or more individuals. This is very low (the mean gross energy consumption for the two groups of households in Table 1 is above 12,500 kwh), so that for practical purposes, we can say that there is no dominance. Table 3 , which deals with net energy consumption, provides a very different picture. Here, households with access to electricity dominate households without access for s>1. For s=1, without restriction on the equivalence scales, the dominance of households with access remains as long as the deprivation threshold for a single person lies between 0 and 5026 efficient kilowatt-hour per year (= 10052/2), since the binding σ k s is for households of 2 members. This is a high level of efficient energy consumption. As discussed in Foster et al. (2001) , a reasonable fuel deprivation threshold would be around 2,150 kwh per year per household in Guatemala. This corresponds to the efficient energy consumption of households whose total expenditures are close to the income poverty line. It also corresponds to what local experts assimilate as basic energy needs, namely the capacity for households to run two 60 watt light bulbs and one 16 watt radio for four hours each day, and to use five two-kilogram logs of fuelwood each day for cooking. In other words, when the appropriate measure of energy consumption is used to assess whether households meet their energy needs, we find that households with access to electricity dominate households without access.
What would happen if access to electricity were granted to all households? Would this enable the households currently without access to catch up with the households with access? As mentioned in section 2, Foster et al. (2001) estimate that access to electricity reduces the price paid per efficient kwh of energy by 27.7 percent. If households currently without access gain access, and maintain their level of expenditures to its current level, this would translate in an increase of efficient energy consumption of 27.7 percent for these households, but it would not be sufficient to catch up with the households currently with access. As shown in Table 4 , there would still be restricted dominance of the households currently with access over the other group. This time however, for s=1, the deprivation threshold for a single person would have to lie below 1568 efficient kwh per year (= 4704/3), since the binding σ k s is for households of 3 members. While this is below the fuel poverty threshold of 2,150 kwh suggested above, it assumes that there may be no economies of scale in energy consumption, which is not realistic.
If we agree to restrict the set of admissible equivalence scales, and if for the sake of the argument, we consider all energy deprivation thresholds between 0 and 2150 kwh per year, then Table 5 tells us that the highest equivalence scale that we could use would be set by households with two members, with the upper bound 1.80 being equal to 3874/2150. To interpret this maximum, we can use m(n) = n ε , which is the equivalence scale suggested for income in Buhmann et al. (1988) . In this formula, ε is the elasticity of the equivalence scale with respect to the number of members in the household. If ε is equal zero, energy consumption is a public good within the household. At the other extreme, if ε is equal to one, there are no economies of scale in energy consumption. For s=1, and for energy deprivation thresholds for one individual between 0 and 2150 kwh per year, ε must lie between 0 and 0.85 (since 2 0.85 = 1.80). For income poverty measurement, many equivalence scales used in applied work are lower (e.g., the OECD parametric equivalence scale ε is 0.5). Since it is reasonable to assume that economies of scale are larger for energy consumption than for income poverty, the values suggested in Table 5 imply that it remains reasonable to assume dominance of households with access to electricity over households without access, even if it were feasible to provide access to all the households currently without access. Thus, while providing access to households without access would help in reducing the differences in fuel poverty between these households and the households currently with access, it would not be sufficient to eliminate these differences.
Conclusion
Using recent advances in sequential stochastic dominance techniques, we have compared in this paper the extent to which households without access to electricity are more likely to be fuel poor than households with access to electricity. While simple comparisons of fuel poverty based on the use of gross energy consumption suggest no dominance for all practical purposes, comparisons taking into account the relative efficiency of the various fuels used by households clearly suggest that households with access to electricity are better off. Because electricity tends to be cheaper than other fuels per unit of efficient energy consumption generated for households, providing universal access to electricity would go some way towards reducing fuel poverty among the households currently without access. Yet this would not be sufficient in and by itself to enable these households to catch up with the households currently with access. This is because apart from access to electricity, other factors affect the ability of households to meet their energy needs, including income which is typically higher among households with access. .0003
